Abstract: The control of stationary patterns developed on thin film surface subject to the electric field is studied theoretically near the threshold of instability. The time evolution of the interface between air and polymer film on the unbounded spatial domain is described by the thin film equation; a global feedback control is applied to suppress the subcritical instability. The condition for the controlled pattern to be stable is obtained.
Introduction
The electrohydrodynamic instability plays a critical role in the modern lithographically induced self-assembly process. It guides the creation and replication of lateral structures in polymer films at submicrometer length scales [1, 7, 12, 13] . Understanding the pattern forming instabilities at micro-scales has both technological and scientific interest.
We consider a spatially infinite uniform system near equilibrium where the system may be described by simple equations known as amplitude equations [2] . We are interested in studying the reduced dynamics contained in the amplitude equations near the instability threshold. The conditions for generating certain A prior investigation of the one dimensional evolution process [9] has shown that the amplitude of the linear excitation grows exponentially in a region of ξ values; after that, the exponential growth is arrested by weakly nonlinear effects as the amplitude of linear wave saturates to a finite value dependent on the critical wave number k c and the thickness ratio ξ. The system becomes unstable to infinitesimal perturbations with wave number k c . The weakly nonlinear selection mechanism indicates that the periodic finite-amplitude disturbances can entrain waves in a neighborhood of the critical wave number, a field of uniform wave features thus emerge as a consequence of this unique selection. A periodic pattern stationary in time centered around k c is to arise.The regular finite-amplitude patterns stay on top of the interface in a stationary manner, without visible changes in their shape or speed; the patterns undergo a subcritical stability [10, 11] .
Some research was done to explore the possibility to control and suppress the blow up behavior caused by subcritical oscillatory instability in the GinzburgLandau equation or Swift-Hohenberg equation, either by introducing locally [4] or globally [3, 8, 6 ] the control mechanism. In particular, the global feedback control is introduced through a single global parameter that affects the dynamics of the entire system, it can stabilize the unstable modes and produce noval patterns [5] . We attempt to impose the global feedback control to the thin film pattern formation that suffers the similar subcritical instability. Due to the fact that the selection and long term stability of patterns is associated with growing amplitudes, we choose a control based on the maximum of amplitude. We adjust the control parameter to find a satisfactory condition to suppress the subcritical instability.
At the long wavelength limit, we consider the following non-dimensionalized thin film equation [11] :
The unstable initial depth of the uniform thin film grows to reach the next equilibrium state of finite amplitude. Such finite amplitude solutions exhibit subcritical instability which means that they would be stable according to the linearized theory with the damping growth rate, while the weakly nonlinearity incorporates the existence of the patterns. In consideration of the possible cause by a surface tension varying inversely with the strength of the external electric field, we would impose the global feedback control on the coefficient α.
Feedback Control of the Thin Film Interface
Near the uniform equilibrium solution H = 1, we assume that
where the control parameter p specifies the feedback intensity.
In the one dimensional setting, we consider
with |A| = |A * | = R(t) ≪ 1.
The complex amplitude equation can be obtained after substituting the equations (2) and (3) into the model equation (1):
Let A(t) = R(t)e iθ(t) , then the small perturbation f can be eventually reduced by utilizing the powers of its amplitude:
The linear growth rate of the small disturbance f is represented by:
and the symmetry breaking coefficient is:
If µ is nonzero, namely, when the control p is present, the quadratic term in the amplitude equation dominates the nonlinear evolution of the disturbance f near the instability threshold. For the reason that no stable amplitude solutions can be predicted if µ is O(1), the control parameter p is to be kept small in our concerns, see [2] .
In the regime of weakly nonlinearity when the linear growth rate σ is small, the amplitude function R(t) has a long term stationary solution:
A perturbation around R 0 : R = R 0 +R is performed in order to determine the stability conditions of such controlled equilibrium. IntroducingR = e γt into equation (5), we find that:
We obtain the following stability condition for R 0 that requires γ < 0:
The conditions (7) suggest that in the case of sub-critically stable steady state, applying the control would stabilize the steady state.
Conclusion and Discussions
We have performed the weakly nonlinear analysis in the neighborhood of the stability onset to study the effect of applying the global control of the system of thin film interface evolution driven by the electric field. The global control does provide the stabilization factor of the surface disturbance. The stability condition is obtained.
